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ABSTRACT 

The  results  of  the  afterbody  drag  study  are  presented 
in  four  volumes  — Volume  1:  Drag  of  Conical  and  Circular 
Arc  Afterbodies;  Volume  2:  Jet  Interface  Effects  on  Sub¬ 
sonic  Boattail  Drag;  Volume  3:  Literature  Survey  and 
Volume  4:  Data  and  Analysis. 

Volume  3  includes  summaries  of  119  reports,  a 
bibliography  of  608  reports,  and  a  discussion  of  theoretical 
approaches  to  afterbody  drag. 

ADMINISTRATIVE  INFORMATION 

The  survey  was  conducted  by  the  Aviation  and  Surface  Effects 
Department  of  the  David  W.  Taylor  Naval  Ship  Research  and  Development 
Center  with  clerical  assistance  by  Payne,  Incorporated  under  ONR  Contract 
N0014-75-C0926.  The  afterbody  drag  project  was  supported  by  the  Naval 
Air  Systems  Command  and  the  Naval  Weapons  Center  under  Program 
Elements  61153N,  63361N,  and  62332N;  Task  Areas  WR  023  02  003, 

W1 5X20000,  and  F32.322.203;  and  Work  Units  1660-234  and  1660-235. 

The  references  and  bibliography  are  in  the  format  of  Payne, 


Incorporated. 


INTRODUCTION 


A  literature  survey  was  conducted  as  part  of  the  afterbody  drag 
evaluation  project.  The  results  of  the  survey  are  presented  in  four 
sections:  (1)  discussion  of  studies  by  various  authors;  (2)  list  of 

119  reports  considered  applicable  to  the  evaluation;  (3)  summary 
of  the  119  reports  in  tabular  form  CEable— Tj ;  and  (4)  bibliography 
of  open  literature  (608  reports  and  papers). 


DISCUSSION 


The  literature  survey  disclosed  that  the  vast  majority  of  the  open 
literature  reports  are  very  specialized  or  address  a  narrow  subject 
matter.  These  reports  are  not  suitable  for  establishing  a  basis  from 
which  the  effects  of  the  various  geometrical,  physical,  and  environmental 
parameters  of  afterbody  drag  can  be  systematically  investigated.  Only 
a  small  number  of  the  reports  are  suitable  for  this  purpose.  These 
reports  address  conical  afterbodies  in  the  subsonic  and  transonic 
speed  ranges. 

Studies,  evaluations,  or  research  generally  can  be  classified  as 
experimental,  empirical,  or  theoretical. 

EXPERIMENTAL 

In  the  subsonic  and  transonic  speed  ranges,  only  a  small  number  of 
reports  of  the  experimental  type  are  suitable  for  establishing  the 
foundation  of  an  afterbody  drag  evaluation.  References  1  through  5*  are 
in  this  category  and  are  based  on  the  systematic  testing  of  basic  con¬ 
figurations  over  a  wide  range  of  geometrical  parameters  and  Mach  numbers. 
EMPIRICAL 

References  6  through  11  present  various  approaches  to  the  problem  of 
predicting  boattail  drag. 

McDonald  and  Hughes*^  propose  a  method  for  the  prediction  of  boattail 
drag  and  base  drag  of  curved,  conical,  and  cylindrical  afterbodies  and  the 
effect  of  jet  flow  on  the  drag  characteristics  of  the  three  types  of 
afterbodies.  The  method,  however,  does  not  consider  variation  of  the 

*A  complete  listing  of  references  is  given  on  page  5. 
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drag  characteristics  with  Mach  number,  and  its  applicability  is  therefore 
Limited.  The  method  does  introduce  a  direction  of  approach  which  can 

be  applied  to  further  investigations. 

7— ft 

Bergman'  proposes  several  approaches  for  the  prediction  of  after¬ 
body  drag.  One  approach  (Reference  7)  presents  qualitative  and 
quantitative  analysis  of  the  effect  of  nozzle  geometry  and  some  physical 
parameters  on  the  boattail  drag.  However,  the  effect  of  Mach  number 
and  base  drag  is  not  considered.  A  subsequent  method  (Reference  8) 
also  does  not  consider  base  drag  and  is  suggested  only  for  Mach  numbers 
less  than  0.9. 

q 

The  method  of  Swavely  and  Soileau  uses  a  parameter  referred  to  as 
Integral  Mean  Slope,  which  is  obtained  by  integrating  an  area  ratio 
equation.  The  area  ratios  are  obtained  from  the  boattail  and  nozzle 
geometry.  Due  to  the  involved  computations,  the  merits  of  the  method 
were  not  investigated.  The  method  has  been  modified  by  Brazier  and 
Ball.10 

The  Presz-Pitkin  method11  predicts  the  flow  separation  point  and 
pressure  distribution  on  a  boattail  with  a  given  solid  surface  sting  in 
subsonic  flow.  After  a  determination  of  the  separation  point,  an  inter¬ 
active  method  is  used  to  match  a  calculated  inviscid  flow  field,  an 
attached  boundary-layer,  a  control  volume  separation  point,  and  the 
separated  flow  field  model.  This  complex  method  is  not  included  in 
this  assessment. 

THEORETICAL 

The  literature  is  a  means  for  obtaining  the  theoretical  relation¬ 
ships  for  correlative  formulations.  No  significant,  applicable  theoretical 
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method  with  respect  to  subsonic  and  transonic  flow  was  discovered  which 

could  be  useful  for  the  specific  purpose  of  this  investigation. 

For  supersonic  flow,  theory  is  of  greater  applicability  because  it  is 

easier  to  treat  mathematically.  Consequently,  a  number  of  mathematical 

treatments  of  afterbody  drag  in  supersonic  flow  are  available.  Although 

the  supersonic  case  was  not  given  extensive  consideration,  the  work,  of 
12 

Chapman,  with  respect  to  base  pressure,  is  fundamental.  A  correlation 
13 

by  Love  is  based  on  the  Chapman  method  for  a  variety  of  configurations 
and  local  Mach  numbers.  The  base  pressure  is  also  useful  in  determining 
the  boattail  drag  coefficient  in  the  supersonic  case.  There  is  much 
material  available  to  allow  a  systematic  treatment  of  the  supersonic 
case  with  respect  to  boattail  and  base  drag  (Brazzel  and  Henderson  ). 
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SYMBOL  CODE  AND  DEFINITIONS  FOR  TABLE  1 


Forebody  Geometry 


N1 

Ogive  nose 

B2 

Odd-shaped  fuselage 

N2 

Blunt  nose 

B3 

Body  of  revolution 

N3 

Conical  nose 

W 

Wing 

N4 

Elliptical  nose 

I 

Inlet 

B1 

Cylindrical  body 

Afterbody  Geometry  (Contour) 

A1 

Conical 

A5 

Other  body  of  revolution 

A2 

Circular  arc 

A6 

Ogival 

A3 

Elliptical 

A7 

Other 

A4 

Cylindrical 

A8 

Flared 

A 

Fineness  ratio 

m 

p 

Maximum  boattail  angle 

p. 

Jet  pressure  ratio 

i 

Jet  diameter  ratio 

m 

Jet 

Nozzle  Geometry 

Ni 

Conical 

N5 

Plug 

N2 

Contoured 

N6 

Blast  tube 

N3 

Converging 

N7 

Cylindrical 

N4 

Converging-diverging 

N8 

Some 

Fin  Thickness  _  F,  ,.hlrlmcnn 

ratio 

t  .  i  f  j  *•  lti  cnicuncou 

Mean  Length  of  Chord 
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Output  Format 

TE  Theoretical  equations 
EC  Empirical  correlations 
G  Graphs 
T  Tables 

C  Combination  of  above 
Results,  Limits 
TC  Test  conditions 
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TABLE  1  -  SUMMARY  SHEETS  OF  EXPERIMENTAL 
INVESTIGATION  REPORTS  SURVEYED 
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